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a) m5&mnz.fttz&g&zmu t^yy*^ 

b) v-hy'/V 9&SmM»b % 

c) &mmit. 

[fs*« 2 1 ^*?u ^^m-^mmmz 

b) 77^*y?^WK (FMN) Xli77f> 
T-r-V-^^u^-? K (FAD) t, 

d) m^NE^Ji. 
feet, 

a) 5&Mt. 

b) IME*Wi±Ktttt6*U fl>o, 

i) yyv^tf&s-Ltz-y/^—xmmmt. 

i i) ThTVy^SfcifWijRftt. 

i i i) PMSXI^PMSOgl^r&StfttBftfr 

c) StffiWRffl/^ K±KStt?e>ti. Avosei^icj: 
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a) 

b) gWSaWJJOWt&ft. a»o. 

i) yy^^t^Lx^t^^yy^mwmmb. 

i i) FMNXUFADi, 

i i i) t hysvt j»mmmt> 
•mmm*? vb 

c) W^mm^y K±KK»tbii. a*offiBB«HcJ: 

[0 0 0 1 j $mb<Dfti.&mz,tu% mmmm® 

fWaS-a##jB0 9/2 8 2. 083^(1999^ 

3^ 30 am® ro-gE^Bctb^T-fc-s,, #9* 
mm-^m^-mo 9/2 8 2. 0 8 3^ (1999^ 

3£ 3 0 BtttS) Ht, %&M3KfiB4mR5. 9 0 2. 7 
3 l*i4oTV»53HSH«WUR-W»0 9/1 6 
1, 8 76 (19 9 8¥9J3 2 8BfcbJ3I) <D-g|S&&g?a3 
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[ 0 o 0 4 ] >r V yfWtHRU: £ o TttrojKWc 

[0 0 0 5 ] h >#HaMlfreiWEU t Lfflm&m io 
(DitmX *tl/Wl7 8%, 2 0% RXf2%-Qht>„ 

ft, *fc/s-t Ko^t^^i^hHmWDtr&icj:o 
T£Ift;*ftS. T-th7±'r-htsw^m+mzi ) 

7>Vt t KJK«r h V 1 «0= h n tVu-> hV *>t££r5i 

ft3ffia*ii5<fc3„ S&fc. h7-> F—isxm. 

[0006] fl-fc Ko*S</fU-hMRrt, ^rhv 
14, =3f>75 KTx^V^^U-^K (NAD) 

sX-ff. D-fl-t Ko^V^^U— hW*«3QtSK# 
#->y^u-hiS-t-rttc1-5) „ RffcKio-CNA 

DH#g±$ft. &m&aa&uRx'<4' vw* m 

5, a&ft^fclC. NADHoafitt^^SitgTec 
C© «fc 3 /t^ffi*ffi4|^fflS3S^§g<D^(rji 

©»J©#fe<i. NADHSrr K^/y *.Mt£*K:J:o 
[0 0 0 71 xhyVy 
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ftXffc. fh7/y fr^fli^ttHSfcBWi 

j§7cE££er l/C. fto/c*/!^-? 
■f5. StcSJ, tPlx.tf7^3/Hi'>^g v wt Ky 
/K XI4N AD H©38!L NAD PH©3SiL PQQH 
2 GlTcPQQ-fnndf/y^/v) ©^S. FM 
NH 2 Cl7cFMN-77t->-^y^^u^K) , R 
OTADH, Gi5£FAD-77 fyrf-Vy?^ u 

[0 0 0 8] tt*W»T»i, lt$att6WC*iVT«ft:£- 
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[0009] S*^)5r, fh7-/y ?A?fc#^#r±£ 
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[0 0 10] BRtf7-f A«?-K:j:5«a. (k^i<^(c 

SRWS^SfcftKaKISrfflv^JiiiK^hv (fl-tK 
H fSgcD-tfli: LT, GDS^T^ 
/^TYy^^ (CDSDiagnosrics. Elkhart, IN) ri>?5 
A*"BBBT**^ h-J-W h (KetoSite (SfSSiS) ) K 
^s^tf <bH,3 (#%5^ tTietz Textbook of Clinic 
al Chearistrv ?' Ed., ed. bv C. Burtis et al.. W. 
B. Saunders Go.. Philadelohia. PA, 19 9 4^ ^9 
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[0 0 15] 1 9 9 4¥l^2O0|C^$tlfc^ h/U 
(Storhoff) ?WO 9 4/0 1 5 7 8 <b3; 
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(2- x*>z**>m *MJ«5rAJfi 
ME S 217.2, •>^V(Sign»,StLoiiJs 1 MO,USA)) 
6M HC ISftlCJ:0pHS-7CBatt 
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fh^v^ 1 3 0 7 (BASF 3 — #W-*>3 >(BASF 
Corporation, Moon OGvo, New Jetsey, USA)) 


l-3g 


PSSA. #UXfU>^*>B, *hU9A4K (tf^ft 
70,000. # IJ X > f>X&(PoIyjcicom. Inc., Warrington, PA. 
USA)) 


2-4 g 


>OH> (^3-^Cro<faInc,PanippBny.NJ,USA)) 


2-4 g 


JU <»« 182, ^^(Sigma. St. Louis, MO. 

USA)) 


1-10 g 


7xti^>/ Mt*7x-h (PMS. tt^S 306J4, 5/^ 
7 (Sigma, St Louis, MO. USA) ) 
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0.8-4 g 
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# U ex;P t a -7> (5H« 40.000. ->^T(Signtt, St Louis, MO, 
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1 4r*a-x***5r-H/ (CO. 


100-1,000 KU 1 
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Milwmkce. WI. USA)) *CB*LT6*;tf >H,y y*««*Sjau 9 SrT4Sa* 
SMn.«TS £ £T. ftfl TOftttB & fro J!i/f> h U y 6 XjJt&sn*. 
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1 . Title of Invention 

DIAGNOSTICS BASED ON TETRAZOLIUM COMPOUNDS 

2 . Claims 

1. A reagent for measuring a concentration of an analyte 
in a hemoglobin-containing biological fluid, comprising 

a) a flavin -dependent enzyme that has a flavin 
bound to it and that has specificity for the analyte, 

b) a tetrazoliuro dye precursor, 

c) an electron transfer agent, and 

d) a nitrite salt. 

2 . A reagent for measuring a concentration of an analyte 
in a hemoglobin- containing biological fluid, comprising 

a) a flavin-dependent enzyme that- has specificity 
for the analyte and does not have a flavin bound to it, 

b) flavin mononucleotide (FMN) or flavin adenine 
dinucleotide (FAD) . 

c) a tetrazolium dye precursor, 

d) an electron transfer agent, and 

e) a nitrite salt. 

3 . A dry reagent strip for measuring a concentration of an 
analyte in a hemoglobin -containing biological fluid 
comprising a support layer on which is a test pad and a top 
layer overlaying the test pad in which a first part of the 
reagent of claim 1 is on the test pad and a second part of 
the reagent is on the support and/or top layer. 
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4 • A dry reagent test strip Cor measuring. a concentration 
of glucose in a hemoglobin-containing biological fluid, 
comprising 

a) a support layer, 

b) on the support layer, a test pad having a coating 
char comprises 

i) glucose oxidase that has a flavin bound to 

it, 

ii) a cecrazolium dye precursor, and 

iii) PMS or an analog thereof, and 

c) on the test pad, a bibulous top layer that is 
coated with a nitrite salt. 

5 . A dry reagent test strip for measuring a concentration 
of glucose in a hemoglobin-containing biological fluid, 
comprising 

a I a support layer, 

b) on the support layer, a test pad having a coacing 
that comprises 

i) a flavin-dependent enzyme that does not 
have a flavin bound to it, 

ii) FMN or FAD. 

iii) a tetrazolium dye precursor, and 

iv) PMS or an analog thereof, and 

c) on the test pad, a bibulous top layer that is 
coated with a nitrite salt. 
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3. Detailed Description of Invention 
Cross -reference to Prior Application 

This is a contimiation-io-part of copending O.S. 
Application Serial No. 09/282,083, filed on March 30. 1999. 
which is a. continuation-in-part of U.S Application Serial 
No. 09/161,876, filed on September 28, 1S98, now U.S. Patent 
No. 5.902.731. 

Background of Invention 

1. Field of the Invention 

This invention relates to diagnostic compositions that 
permit the measurement of aoalyte concentrations in 
hemoglobin-containing biological fluids. The compositions 
are based on tetrazolium dye precursors and involve 
suppressing the hemoglobin-induced reduction of them. 
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2. Description of che Related Art 

Adipose cissue is one cf the most abundant forms of 
energy storage in the body. It releases stored fatcy 
acids into che circulatory system to be metabolized 
primarily by the liver. In the process, fat is consumed 
and energy is released .and made available to the body. 
Normally, little fat is consumed, the fatty acids are 
completely metabolised to carbon dioxide and water, and 
the conversion does not upset the delicate pH balance of 
the body. However, if insufficient amounts of 
carbohydrates are present in the body* due, for example, 
to dieting, then fat consumption and fatty acid production 
can increase to potentially harmful levels. In addition 
to dieters, insulin -dependent patients are vulnerable,, 
because of their impaired carbohydrate metabolism. When 
excessive fatty acid is used to supply a body's energy 
demand, then large quantities of acetoacetate, acetone, 
and beta-hydroxybutyrate are produced. These 
intermediates are referred to as ketone bodies, and the 
condition is known as ketoacidosis. 

The ketone bodies can normally be recycled into other . 
forms by the body, provided it is not overwhelmed. 
Therefore, a healthy individual accumulates a negligible 
amount of these analytes. When a large quantity of fats 
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is being metabolized in a relatively short period or when 
roost Of the energy is derived from fats, massive amounts 
of ketone bodies are produced. Excessive production of 
these fat metabolites can cause certain neurologic 
disorders, if the problem is not corrected promptly. 

Ketone bodies are present in blood and, if a 
threshold is exceeded, are excreted via the urine. They 
are easily detected by a modern clinical analyzer. On 
average, the percentages of beta-hydroxybutyrate, 
acetoacetate, and acetone are 78%, 20% and 2%, 
respectively. Because of its relatively low concentration 
and high volatility, acetone is seldom measured. Instead, 
acetoacetate is quantitatively determined by a 
nitroprusside reaction and the beta-bydroxybutyrate is 
quantified with an enzymatic method. Acetoacetate test 
strips have been available for decades. They are based on 
a nitroprusside ion coupling reaction with aldehydes and 
ketones. An alkaline urine sample or a serum specimen is 
allowed to react with the nitroprusside for some minutes, 
and a purple color is developed. The intensity of the 
color indicates the acetoacetate concentration. However, 
acetone interferes with the test, resulting in higher 
readings. Further, as the patient recovers from a 
ketoacidosis episode, the acetoacetate level in urine and 
in blood increases, thus making the diagnosis difficult. 
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The beta-hydroxybutyrate test is more useful for 
monitoring ketone body concentrations. It is based on the 
oxidation of beta-hydroxybutyrate with the corresponding 
dehydrogenase in the presence of nicotinamide adenine 
dinucleotide (NAD) cofactor. (Strictly speaking, only D- 
beta-hydroxybutyrate is naturally present and oxidized, 
but we omit the *D* for brevity throughout this 
specification and the appended claims.) Upon the 
oxidation, NADH is produced, and its concentration is 
measured directly with a UV spectrophotometer. Hence, the 
corresponding signal change in the spectrum is 
proportional to the analyte's concentration. 
Unfortunately, the excitation of NADK occurs in the UV 
region; thus, this mode of detection is suitable only for 
laboratory instruments. Another method for monitoring 
beta-hydroxybutyrate is by oxidizing the NADH with a 
tetrazolium compound. 

Tetrazolium compounds are generally very sensitive to 
strong bases and to light. Thus, special care must be 
exercised to ensure the integrity of these compounds. 
Nevertheless, tetrazoliums have played an important role 
in studies of tissue metabolism. For example, this class 
of compounds has been used in probing anaerobic oxidation 
and reduction reactions in cells. Further, they are 
commonly used in clinical diagnostics. The compounds are 
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typically light-colored or colorless compounds that 
undergo a reduction reaction, in the presence of a 
reducing agent, to yield a highly colored fonnazan. 
Reducing agents such as ascorbates, sulfhydryls, or 
variants of NADH, NADPH, PQQHj {reduced PQQ - pyrrolo- 
quinoline quinone) , FMNHj (reduced FMM - flavin 
mononucleotide) . and FADH2 (reduced FAD - flavin adenine 
dinucleotide) are capable of forming the dye. 

In clinical diagnostics, these dyes have been found 
to be invaluable for monitoring the formation of NAD (P) K 
from their parent compounds, KAD(P)+, in anaerobic 
reactions. (See, for example, U.S. Pat. 5.3 60,595, issued 
on November 1, 1994 to D. Bell et al.) The redox reaction 
is rapid and is not sensitive to oxygen. The resulting 
dye color is very intense and has low solubility in water. 

In principle, tetrazolium dye precursors can be used 
to measure ketone bodies and glucose in whole blood. 
However, the tetrarolium can be reduced non-enzymatically 
by hemoglobin (Fe{II)) to form a colored forroazan, if the 
hemoglobin is not contained within the red cells of the 
blood. Thus, free hemoglobin causes serious interference 
with the measurements. In fact, due to hemolysis and the 
resultant abundance of free hemoglobin relative to the 
analyce of interest, in a typical ketone body measurement, 
the interfering signal from hemoglobin could exceed the 



C18) 



1$§H200l-2 9 2 7 9 5 



intended signal. Glucose measurements, particularly in 
the normal concentration or above, are not affected as 
adversely. When the reaction is carried out in high 
hematocrit samples or at a higher temperature, where the 
hemoglobin oxidation reaction is faster, interference with 
glucose measurements - is significant, as well. Since the 
hemolysis of red blood cells, which causes free hemogLobin 
to be present, cannot easily be avoided, red blood cells 
must be removed from samples prior to testing, if 
tetrazolium is to be used for the analysis. 

Red blood cells can be removed from samples by 
filtering with membranes and filters, by trapping with 
chemical reagents, or by a combination of both methods. 
Filtration methods for separating red cells from whole 
blood are costly and require rather large sample volumes. 
An example of a blood ketone (beta-hydroxybutyrate). test 
that uses filtration to eliminate red cells from a whole 
blood sample is the KetoSite© test available from GDS 
Diagnostics, Elkhart, IN. (See Tietz Textbook of Clinical 
Chemistry, 2 nd Ed., ed. by C. Burtis et al . , W. B. Saunders 
Co.. Philadelphia. PA, 1994. p. 974.) The "Test Card- 
used in that test has two filter layers, .which makes the 
card rather costly and necessitates a large (25/iL) blood 
sample. Further, the blood must not be hemolyzed. 
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A combination of filtration and chemical trapping is 
used in the Ames® Glucorneter Encore 1 " blood glucose strip, 
available from Miles. That strip uses a layer of filter 
material and an agglutination aid (potato lectin) to 
eliminate interference from red cells. (See Chu et al . . 
European Pat. Appl. 0 638 805 A2, publ. Feb. 15, 1995.) 

Introducing an oxidizing agent into a system, to 
oxidize the hemoglobin to methemoglobin, is another way to 
reduce the hemoglobin interference. Although 
f erricyanides are known to transform hemoglobin td 
methemoglobin. they also destroy the desired product, 
NADH . 

Palmer et al., EPO 0 330 517 B2, published on. Aug. 
30, 1989, disclose a method for measuring biochemical 
analytes that involves reacting the analyte with an 
oxidase enzyme capable of electron transferase activity 
with the analyte to yield reduced enzyme. The enzyme is 
colorimetrically assayed to determine the analyte 
concentration. The enzyme reaction is not oxygen- 
dependent . 

Freitag et al., WO 94/01S44, published on January 20, 
1994, disclose a stable reagent for analyte analysis. The 
reagent includes an enzyme, a phenazine derivative, a 
tetrazolium salt, and a divalent metal salt to stabilize 
the reagent. 
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Storhoff et al., WO 94/01578, published on January 
20, 1994, also disclose a stable reagent for analyte 
analysis. The reagent includes an enzyme, a mediator, a 
tetrazolium salt, and an oxidizing agent chat stabilizes 
the reagent. 

Summary of the Invention 

The present invention provides a reagent for 
measuring the concentration of an analyte in a hemoglobin- 
containing biological fluid- The reagent comprises: 

a) a flavin-dependent enzyme that has a flavin 
bound to it and that has specificity for the analyte, 

b) a tetrazolium dye precursor, 

c) an electron transfer agent, and 
d} a nitrite salt. 

In an alternative embodiment of the invention, the 
reagent comprises; 

a) a f lavin-dependent enzyme that has specificity 
for the analyte and does not have a flavin bound to it, . 

. b) flavin mononucleotide (FMN) or flavin adenine 
dinucleotide (FAD) , 

c) a tetrazolium dye precursor, 

d) an electron transfer agent, and 

e) a nitrite salt. 
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The reagent is particularly suited for coating onto 
one or more substrates to form a dry reagent strip for 
measuring an analyte concentration in a hemoglobin- 
containing biological fluid. A particularly preferred 
strip comprises 

a) a support layer, 

b) on the support layer, a test pad having a coating 
that comprises 

i) a flavin-dependent enzyme that has a flavin 
bound to it and that has specificity for the analyte, 

ii) a tetrazolium dye precursor, and 

iii) an electron transfer agent, and 

c) on the test pad, a bibulous top layer that is 
coated with a nitrite salt. 

Another strip of the invention comprises 

a) a support layer, 

b) on the support layer, a test pad having a coating 
chat comprises 

i) a flavin-dependent enzyme that has 
specificity for the analyte and does not have a 
flavin bound to* it, 

ii) FMN or FAD, 

iii) a tetra20lium dye precursor, 

iv) an electron transfer agent, and 

c) on the test pad. a bibulous top layer that is 
coated with a nitrite salt. 

Detailed Description of the Invention 

The present invention provides a reagent for 
measuring analyte concentration in hemoglobin- containing 
biological fluids (such as whole blood) , by producing a 
concentration of the reduced form of a cofactor. such as 
NADH, NAD (P) H, PQQH 2 . FMNH 2 , or FADH 2 that is a measure of 
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Che analyte concentration. Inclusion of nitrite in the 
reagent overcomes the interference of hemoglobin with the 
measurement of the reduced cof actor concentration. It is 
particularly useful for, but not limited to, measurement 
of ketone bodies and glucose. 

Fig. 1 depicts a typical test strip 10 of the 
invention, which consists of a test pad 12 affixed onto a 
support 14. The support may be a plastic - e.g., 
polystyrene, nylon, or polyester - or metallic sheet or 
any other suitable material known in the art. The test 
pad is coated with a reagent that reacts with the analyte 
to cause a color change. The test pad preferably 
comprises a bibulous material, such as filter paper or 
polymer membrane. However, since the reaction doesn't 
require oxygen, the test pad may be a non-bibulous 
material, such as plastic film. The reagent includes an 
enzyme that is specific to the analyte, a hydride transfer 
agent, a tetrasoliuin dye precursor, a suitable enzyme 
cof actor, and a hemoglobin suppressor. Optionally, a 
buffer and stabilizer are included for greater stability. 

As shown in Fig. 2, the test strip can also be a 
multilayer construction, with top layer 16 overlaying test 
pad 12. In that construction, the reagent may be divided 
between the two layers. For example, the hemoglobin 
suppressor may be coated onto optional top layer 16 and 
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the balance of the reagent coated onto test pad 12 . 
Preferably, top layer 16 is bibulous and serves as a 
spreading layer and as an absorbent layer to absorb excess 
sample. Sample is applied to top layer 16, and it passes 
through to test pad 12. The analyte concentration is 
determined by measuring the color change through support 
layer 14 or, if layer 14 is not transparent where it 
adjoins the reaction area, through optional window or 
through-hole 18. 

In the alternative embodiment shown in Fig. 1, spacer 
20 separates top layer 16 and test pad 12. Spacer 20 is 
preferably a non-bibulous plastic film having an adhesive 
coating (not shown) on both faces. Channel 22 in spacer 
20 provides a capillary path for sample to Clow from 
opening 24 to measurement area 26. The flow depends on 
air venting between a surface of test pad 12 and an 
adjoining layer or t alternatively, through optional vent 
18. The color change in measurement area 26 is monitored 
through optional vent/window 18. Reagent may all be on 
test pad 12 or, alternatively, may be divided among the 
test pad and one or both of non-bibulous layers 14 and 16. 
Thus, a first part of the reagent may be on the test pad 
and a second part of the reagent may be on one or both of 
the non-bibulous layers. When we re£er to reagent as 
being a -coating' or -on" a layer, we intend to include 
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the possibility that reagent wilL be absorbed into the 
layer, particularly if it is bibulous. 

All flavin-dependent enzymes are suitable for assays 
with this invention. Suitable oxidase .enzymes and their 
corresponding analytes include: alcohol oxidase for 
alcohol, glucose oxidase for glucose, galaccose oxidase 
for galactose, cholesterol oxidase for cholesterol, L- 
lactate oxidase for L-lactate, urate oxidase for uric 
acid, bilirubin oxidase for bilirubin, and choline oxidase 
for choline. Suitable dehydrogenase enzymes and the 
corresponding analytes includes pyruvate dehydrogenase for 
pyruvate, D- lactate dehydrogenase for D- lactate, and 
succinate dehydrogenase for succinate. 

When not bound to the enzyme, a cofactor must be 
added to activate the enzyme. Co factors that may be added 
to a flavin-dependent enzyme include: flavin 
mononucleotide (FMN) and flavin adenine dinucleotide 
(FAD). In the presence of the enzyme, the analyte reduces 
the cofactor. 

The next step in the dye-forming process is hydride 
abstraction from the reduced cofactor by an electron 
transfer agent. Suitable electron transfer agents include 
diaphorase. such as lipoic dehydrogenase, f erredoxin-NADP 
reductase, and lipoamide dehydrogenase. More preferred, 
when a flavin cofactor is used, are non- enzymatic electron 
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transfer agents, such as phenazine methosulfate (PMS), 
phenazine ethosulfate (PES), 1-methoxyphenazine 
methosulfate, or Meldola Blue. Reaction kinetics and 
stability ore the primary factors for selecting an 
electron transfer agent or *hyd£ide abstractor*. For 
example, PMS is the universal hydride abstractor, because 
it has relatively fast reaction kine-ics vith most of the 
tetrazolium compounds listed below. For chat reason, it 
is preferred when the cof actor is PCQ. PMS is. however, 
more sensitive to light than enzyme-based hydride- 
abstractors. Diaphorase is more 6table and, for that 
reason, is preferred when the co factor is NAD. 

The captured hydride is transferred to a tetrazolium 
compound (dye precursor) to form a colored formazan. 
Tetrazolium compounds that are most suitable for this 
device are: 2- (2 'benzothiazolyl) -5-styryl-3- (4'- 
phthalhydrazidyl) tetrazolium (BSPT) . 2-benzothiazolyl- 
12) -3,5-diphenyl tetrazolium (BTDP) , 2 , 3-di (4-nitrophenyl) 
tetrazolium (DNPJ # 2, 5 -di phenyl- 3- (4-styrylphenyl) 
tetrazolium <DPSP) , distyryl nitroblue tetrazolium (DS- 
KBT) , 3,3'M3,3'-dixnethoxy-U, 1* -biphenyl* -4, 4' -diyl] - 
bis(2-<4-nitrophenyl)-5- phenyl (-2H tetrazolium (NBT) , 3- 
(4, 5-dimethyl-2-thiazolyl) -2, 5-diphenyl-2H tetrazolium 
(MTT) , 2-phenyl-3-U-carboxyphenyl)-5.-methyl tetrazolium 
(PCPM) , tetrazolium blue (TB) L thiocarbamyl nitroblue 
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tetrazolium (TCNBT) , tetranitroblue tetrazolium (TNBT) , 
tetrazolium violet, (TV>, 2-benzothiazothiazolyl-3- (4- 
carboxy- 2 -me thoxypheny 1 )-5-[4- (2- 

sulfoethylcarbamoyl)phenyl]-2H-tetrazolium (WST-4), and 
2,2' -dibenzothiazolyl-5, 5' -bis [4-di (2- 

sulfoethyDcarbamoylphenyl] -3,3' - { 3 , 3 4 -dimethoxy- 4,4'- 
biphexylenejditetrazolium, disodiura salt (WST-5) . 
Preferably, water-soluble dye precursors, more preferably 
WST-5, are used so as to be compatible with biological 
samples. Further, when WST-5 is used, the resulting 
formazan compound exhibits .strong spectral absorption at 
the purple-blue region, thus reducing the need for 
correcting the background signal from hemoglobin. 

Finally, a hemoglobin suppressor is present in the 
reagent to curtail the undesirable dye-forming reaction 
between hemoglobin and the tetrazolium compound. The role 
o£ the hemoglobin suppressor is to oxidize the hemoglobin 
to methemoglobin, which does not react with the 
tetrazolium or formazan. Surprisingly, nitrite salts, 
such as sodium nitrite, potassium nitrite, and their 
derivatives, are very effective in suppressing the 
hemoglobin, while not destroying the reduced cofactor 
(such as NADH, PQQH 2 . FMNH 2 , or FADH 2 ) . The nitrites are 
effective, as well, at elevated temperature and with high 
hematocrit samples. Sodium nitrite is preferred, because 
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it has high aqueous solubility, is not toxic, and is 
relatively inexpensive. 

Optionally, the reagent may also include a 
stabilizer, such as a divalent metal salt. 

Although the reagent of this invention can be used in 
a wet chemical mode, such as in a cuvette, in preferred 
embodiments, the invention provides dry strips for 
assaying beta-hydroxybutyrate or glucose in whole blood. 
Strips may be either single-layer or two-layer. A two- 
layer strip consists of a membrane test pad, preferably of 
nylon, that is placed between a support and a top layer. 
The support is preferably of polyester sheet. The top 
layer can be a mesh or any bibulous material known in the 
art. A preferred material is a porous polyethylene 
treated with sodium methyl oleoyl taurate, available from 
the Porex Corp. of Fairbum, GA. We refer to this material 
as "Porex'. Preferably, the test pad has a positively- 
charged surface. More preferably, the test pad is 
polyamide. The test pad contains a reagent comprising 
glucose oxidase [including a flavin cofactor) ,- PMS (or one 
of its analogs), and WST-5 (Table 1, below). The Porex 
top layer contains a nitrite reagent (Table 2) . 

In a single- layer strip, the Porex layer is omitted, 
and the entire reagent, including the nitrite (Table 3). 
is applied to the test pad. Nate that in both the two- 
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layer and single-layer strip, either a flavin- dependent 
enzyme that has a flavin bound to it or a flavin -dependent 
enzyme that does not have a flavin bound to it may be 
used. In the latter case, a flavin cofactor (e.g. FMN or 
FAD) is added. 

In operation, a user applies a drop of whole blood to 
the upper surface of the Porex top layer. As the whole 
blood or lysed blood comes into contact with the Porex, 
the sodium nitrite is reconstituted and reacts with the 
available free hemoglobin, thus rendering the hemoglobin 
harmless to the assay. The resulting, substantially 
hemoglobin- free sample is transferred to" the test pad 
below, via capillary or gravitational force. On the test 
pad, the sample initiates the cascade reaction to yield a 
colored dye, whose concentration is proportional to the 
analyte concentration in the sample and can be determined 
directly with a photometer. Fig. 4 depicts the reaction 
eor glucose, using glucose oxidase and PMS. 

Fig. 5 depicts the change in optical density over 
time of blood samples, all having 60% hematocrit and 
containing 0 and 100 mg/dL of glucose, both with and 
without nitrite. The top graph displays results at 35°C. 
.The bottom graph displays results at room temperature 
(RT) . In each case, the nitrite concentration was 5 g/dL. 
In the absence of nitrite, hemoglobin reduces the 
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tetrazolium to form a continuously increasing dye 
concentration, with a corresponding increase in optical 



density. Nitrite, by removing the hemoglobin (by 
oxidation), limits the color formation to that which 
results solely from the glucose in the sample. 
Preparation of the two-layer strip that was used to 
generate the data depicted in the graphs is described in 
Example 1. below. 

Fig. 6 shows the effect of nitrite on the color- 
forming reaction in the glucose /glucose -oxidase system for 
a single-layer strip. Blood samples, all having 60% 
hematocrit, contained 0 or 200 mg/dL of glucose and 0 or 
20 cng/mL of nitrite. The samples were run at room 
temperature. The graph shows that the present system is 
effective at room temperature and hematocrit up to 60%. 
Preparation of the single-layer strip that was used is 
described in Example 2. below. 

The following examples demonstrate preferred 
embodiments of the present invention. In Example 1, a 
two-layer strip was used, the analyte is glucose, and the 
enzyme is glucose oxidase. In Example 2, a single-layer 
strip was used. As before, the analyte is glucose and the 
enzyme is glucose oxidase. The compositions can readily be 
modified for application ta other analyte -enzyme 
combinations listed earlier. . {See, for example, Tietz 
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Textbook of Clinical Chemistry, 2 nd Ed., ed. by C. Burtis 
et al., W. B. Saunders Co,, Philadelphia, PA, 1994, pp 
976-978 and 1174-1175.) The examples are not intended to 
be in any way limiting. 



Corporation (East Hills, NY) was dipped intp the reagent 
of Table 1, until saturated. The excess reagent was 
scraped off gently with a glass rod. the resulting 
membrane was hung, to dry in a 56° C oven for 10 minutes. 
Porex (0.6 mm thick) was soaked in the nitrite solution of 
Table 2 and then hung to dry in a 100° C oven for ten 
hours. Finally, the membrane was laminated between a 
polyester stock (0.4 mm Melenex® polyester from ICI 
America. Wilmington, DE) and the nitrite- impregnated 
Porex. 



EXAMPLE 1 



A 0.8 /im nylon membrane obtained from Pall 



EXAMPLE 2 



The procedure of Example 1 was repeated, except that 
the first dip was the reagent of Table 3, and there was no 
second dip, since the Porex was not needed. 



• 
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Table 1. Reagent for a Glucose Teat Pad 



Components 


Quantity 


Water 


100 ml 


(2- [-Mo rpholino] ethane sulfonic acid} sodium 
salt MES (MW 217.2, Sigma, St. Louis, MO, USA) 
Adjust pH to 5-7 by adding 6 H HC1) 


2.2 gin 


Tetonic 1307 (BASF Corporation, Moun Olive, New 
Jersey, USA} 


1-3 gm 


PSSA, Polystyrene sulfonic acid, sodium salt (MW 
70,000, Polysciences, Inc.. Warrington, PA, 
USA) 


2-4 gm 


Crotein (Croda Inc.. Parsippany, NJ. USA) 


2-4 gm 


Manna tol (MW 182, Sigma, St. Louis, MO, USA) 


1-10 gm 


Phenazine Methosulfate (PMS, MW 306.34, Sigma, 
St. Louis, MO, USA 


30-300 mg 


WST-S |MW 1331.37, Dojindo) 


0.8-4 gm 


Glucose Oxidase (GO. TOYOBO) 


100-1000KU 



Table 2. Nitrite Reagent 



Components 




10 mM Phosphate Buffer Saline. pH7.4, <P-3813, 
Sigma. St. Louis. MO, USA) 


70 ml 


Ethanol 


30 ml 


Sodium Nitrite IMW69, Aldrich Chemicals. Milwaukee. 
WI, OSA) 


5 gm 


Polyvinylpyrrodine (MW 40,000, Sigma, St. Louis, 
MO. OSA) 


200 mg * 



G2) 



ftffl 2 0 0 1 - 2 9 2 7 9 5 



Table 3 • Reagent for a Glucose Test Pad 



Component 0 


Ou.ftnt.itv 


water 


100 ml 


(2-[-Morpholino)ethanesulfonic acid) sodium 
salt MES (MW 217.2, Sigma, St. Louis, MO, USA) 


2.2 gra 


Gantrez* 6% 


20 mL 


Adjust pH to 5.5-7 by adding 50% NaOH 




Triton X-305 (BASF Corporation, Moun Olive, New 
Jersey, USA) 


0.5-2 gra 


Mannitol (MW 182, Sigma, St. Louis, MO, USA) 


1-10 gra 


Sodium Nitrite <MW69, Aldirch Chemicals, 
Milwaukee, Wl, USA 


1-5 gm 


WST-5 (MW 1331.37, Dojindo] 


0.8-4 gm 


Magnesium Chloride (MW 203, Sigma, St. Louis, 
MO, USA) 


3-5 gm' 


Phenazxne Ethosulfate (PBS, MW 334.4, Sigma, 
St. Louis, MO, USA) 


100-1000 
mo 


Glucose Oxidase (GO, TOYOBO) 


100-1000KU 



•Gantrez AN-139 {Poly Hethylvinylether-alt-Maleic 
Anhydride, MW 1,080,000. Cat# 41632-0, Aldrich Chemicals, 
Milwaukee, WX, USA) Make 6% Gantrez in water, heat to 95 C 
for less than 45 min. to get Gantcez 6% which is ready to 
use. 
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4. Preferred aspects are provided as stated in the followings 

(1) The reagent of claim 1 in which the analyte is glucose 
and the enzyme is glucose oxidase. 

(2) The reagent of claim 1 in which the dye precursor is 
water-soluble. 

O) The reagent of claim l in which the electron transfer 
agent comprises phenazine methosulfate (PMS)or an analog 
thereof . 

(4) The reagent of claim 1 further comprising a divalent 
metal stabilizer. 

(5) The reagent of claim 2 in which the dye precursor is 
water-soluble. 

(6) The reagent of claim 2 which the electron transfer 
agent comprises (PMS) or an analog thereof. 

(7) The reagent of claim g further camDrising a divalent 
metal stabilizer. 

(8) A dry reagent strip for measuring a concentration of an 
analyte in a hemoglobin- containing biological fluid 
comprising a support layer on which is a test pad having a 
coating of the reagent of claim 1. 

(9) A dry reagent strip for measuring a concentration of an 
analyte in a hemoglobin-containing biological fluid 
comprising a support layer on which is a test pad having a 
coating of the reagent of claim 2. 
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(10) The strip of aspect® in which the test pad has a 
positively-charged surface. 

(11) The strip of aswct(8) in which the test pad "comprises a 
polyamide. 

(12) The strip of asoect(8) further comprising a bibulous top 
layer overlaying the test pad. 

(13) A dry reagent strip for measuring a concentration of an 
analyte in a hemoglobin-containing biological fluid 
comprising a support layer on which is a test pad and a top 
layer overlaying the test pad. in which a first part of the 

reagent of claim 2 is on the test pad and a second part of 
the reagent is on the support and/or top layer. 

(14) The strip of claim 3 in which the top layer is 
bibulous. 

(15) The strip of claim 3 further comprising a spacer and 
channel between the top layer and test pad to provide a 
capillary path between the top layer and pad. 

(16) The strip of claim jfr in which" the analyte is glucose 
and the enzyme is glucose oxidase. 

(17) The strip of claim 3 in which the tetrazoliuro dye 
precursor is 2, a'-dibenzothiazolyl-S, 5'-bis(4-di (2- 
sulfoethyl)carbamoylphenyll-3.3'-(3,3'-dimethoxy- 4.4'- : 
biphenylene)ditetrazolium, dis odium salt (WST-5) . 





C35) 



£f§H20 0 1-292 79 5 



5. Brief Description of the Drawings 

Pig. 1 is a perspective view of a test strip of this 
invention. 

Fig. 2 is an exploded view of another test strip of 
this invention. 

Fig. 3 is an exploded view of yet another test strip 
of this invention. 

Fig. 4 is a pictorial depiction of the chemistry of a 
glucose assay of this invention. 

Fig. 5 is a graph that shows the effect of nitrite as . 
a hemoglobin suppressor on a two-layer assay. 

Fig. 6 is a graph that shows the effect of nitrite as 
a hemoglobin suppressor on a single- layer glucose assay. 
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Glucose Oxidase 
Glucose ► Gluconic Acid 




PMS 



PMSH 



Formazan 




Tetrazolium Salt 
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1 . Abstract 

A reagent is suitable for measuring the concentration 
of an analyte in a hemoglobin-containing biological fluid, 
such, as whole blood. The reagent comprises a flavin- 
dependent enzyme that has specificity for the analyte, a 
flavin cof actor if, and only if. a flavin is not bound to 
the enzyme, a tetrazolium dye precursor, an electron 
transfer agent, and a nitrite salt. The reagent causes 
dye formation that is a measure of the analyte 
concentration. The nitrite salt suppresses interfering 
dye formation caused non-enzymatically by the hemoglobin. 

Preferably, the reagent is used in a dry strip for 
measuring glucose in whole blood. 



2. Selected Drawings 
Fig.6 



